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The National B of Standarde ‘has issued .a series of three linear polyethyl Standard Refe
Materials, SRM 1482, 1483, and 1484. These polyethylenes have molecular weights of the order of 10,000,
30,000, and 100,000 g/mol, respectively, and ratios My/M, of weight- to number-average molecular weight of the
order of 1.2. Their numbi age molecular weights (by b try), ‘weight-average molecul
weights (by light scattering), and limiting viscosity numbers in two solvents (by capillary viscomeiry) are certified;
the procedures employed are described in subsequent papers in this series. In the present paper, we describe the
preparation of the materials and some of their general properties.
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1. Purpose

‘The Mational Bureau of Standards has issued a series of
three linear polyethylene Standard Reference Materials,
SRM 1482, SRM 1483, and SRM 1484.* These polyethyl-
rnes have molecular weights of the order of 10,000, 30,000
mnd 100,000 gfmol, respectively, and ratios My/My of
weighl- to number-average molecular weight of the order of
1.2, Their number-average molecular weights (by membrane
usmometry), weight-average molecular weights (by light scat-
tering), and limiling viscosity numbers in two solvents (by
vupillary viscometry) are certified; the certificates are repro-
“uced al the end of this paper. They are intended for the
valibration and checking of instruments used in polymer
ehnology and science for the determination of properties
'wlated 1o molecular weight and distribution in molecular
»eight, such as light scattering photometers and gel permea-
lion _chmmatog-raphs. They should also prove useful as
*haracterized samples for measurements of other physical
Praperties of linear polyethylene.

" ?““.’eedin_g papers of this series describe the experimental

i »‘f‘uds and data analysis techniques employed to obtain the
vefifieste valucs of number-average molecular weight [1a),!
::;:B{H-average molecular weight [1b], and limiting viscosity
o nher [IC} of _S"RM% 1482, 14-8.?», and 1484. In the present
"nﬁilt &Wlée describe the preparation and treatment of these
wire "rl‘ » and the results ‘of various semiquantitative mea-
adi ents ?mp‘loyed to estimate such uncertified properties

istribution in molecular weight, impurity content, etc,

2. Description of Materials

N ] . "
pre 'andard Reference Materials 1482, 1483, and 1484 were
Pared from fractions produced by Walers Associates,
R
.
. "."‘m ::hnvsh 'f" Office of Standard Reference Materiala, National Bureau of Standards,
BeS in brackets indicate literature references s the end of this paper.

Inc., Milford, Mass.? by large-scale gel permeation fraction-
ation of a linear polyethylene from the same stock as
Standard Reference ” Material 1475 (Linear Polyethylene
Whole Polymer),* and with physical properties essentially
identical with those of SRM 1475. As reported elsewhere [2,
3], SRM 1475 has a degree of branching undetectable by
infrared spectroscopy and limiting viscosity number, and an
ash content of 0,002 percent, We believe that the fractions
will have the same characteristics. In other respects, how-
ever, the three fractions have different histories and are
discussed separately in the following sections. Gel permea-
tion chromatography of all three Standard Reference Materi-
als shows a single symmetrical peak, without noticeable
shoulders and of a width consistent with a ratio M,/M, of
weight- to number-average molecular weight, estimated as
described elsewhere [2], of the order of 1.2,

2.1, SRM 1483

According to the producer, the material for SRM 1483 was
made by blending and reprecipitation {from xylene by .cool-
ing) of about 600 nine-gram “cuts” obtained by gel permea-
tion fractionatioen, in Styragel columns, of the parent material
in xvlene with antioxidant at 125 °C, Afier the final renrecin-

I Ry:iene Wil anuoxican al 2oo Alter 122 reprecips

itation, the material was washed with acetone and air-dried.
Upon delivery to the National Bureau of Standards, the entire
stock (about 5.5 kg) was blended in a two-cone porcelain-
lined mixer, packed in 46 quart jars and stored under dry
nitrogen al reduced pressure.

As a check on homogeneity, two samples were 1aken from
each of five jars chosen at random. Viscosity numbers at five
concentrations in 1,2,4-trichlorobenzene were determined as
described elsewhere [1c] for each sample. The results showed
no statistically significant variation within jars or between
jars.

2 Centain c ial equipmerit, i , or are identified in this paper in order W
epevify the experimental procedure. In.no_case does such identification imply recommendation or
endorsement by the Natjonal Bureau of Standards, nor does it imply that the suaterial or equipment
identified is necessarily the beat available for the purpose.
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Trace-metal analyses {by emission spectroscopy on Y2 g
samples) showed iron and magnesium not exceeding 1 ppm.
‘Total yolatiles detected by mass spectrometry upon heating
the material to 300 °C did not exceed 0.1 percent. Carbon-
hydrogen analyses agreed with the values expected for (CHp),
to within 0.1 percent. '

2.2 SRM 1482

The gel permeation fractionations which produced the
material for SRM 1483 as described above also yielded
“cuts” at higher and lower molecular weights. Five baiches
of the lower molecular weight materials were found to be
suitable for a Standard Reference Material with a molecular
weight of the order of 10,000. The batches ranged in weight
from 100 to 400 g each. Their M,,/M,, ratios, estimated by

gel permeation chromatography, were in the range 1.1 to

1.2. The baiches were individually reprecipitated as- de-
scribed below, then blended to make the final product.
Reprecipitation was carried out in 1,2,4-trichlorobenzene
containing 500 ppm of an antioxidant, 2,6-di-tert-butyl-4-
methylphenol. For each baich, sufficient solvent to make a

solution of concentration 0.5-1 percent (by weight) was first .

heated 1o 130 °C under nitrogen, and the polyethylene added
to the hot solvent while stirring. The ‘material dissolved in
5-10 min. The solution was allowed 1o cool, over a period of
several hours, to 45-65 °C with gentle stirring. During the
cooling the polyethylene precipitated, forming a floating
slurry, and the bulk of the liquid phase was pumped out.

. The individual slurries were blended by mixing and
vigorous stirring for /2~1 hr. The blended slurry was
strained through a 40 mesh screen, filtered on filter paper,
and washed three times with acetone. It was then air-dried at
room temperature until the acetone content was about
10 percent by weight, dried in a vacuum oven for 13 hrs at
50 °C, and bottled under dry nitrogen at reduced pressure.

Residual 1,2,4-trichlorob ne tent was estimated
spectrophotometrically. Four samples of SRM 1482 were
dissolved in cyclohexane (at 140 °C under pressure) to give
solutions with concentrations from 30 to 160 g/L. The
polyethylene was then reprecipitated by cooling to room
temperature and removed by filtration. The concentration of
1,2,4-trichlorobenzene in the filirate was estimated by com-
paring its optical density at a wavelength of 286 nm with that
of solutions of known amounts of 1,2,4-trichlorobenzene in
cyclohexane, The 1,2,4-trichlorobenzene content estimated
by this method was 0,053, 0.058, 0.059, and 0.065 percent
for the four samples. Based on these values, we estimate an
upper limit of 0.1 percent residual 1,2,4-trichlorobenzene in
SRM 1482,

Total volatile content was estimated by measuring the
weight lost by three 0.5 g samples and a blank after heating
to 50 °C for one h at a pressure of about 10 Pa. During this
period, -the blank decreased in weight by 0.1 mg, and the
samples decreased by 0.2, 0.3, and 0.4 mg. No further
weight loss was observed in either blank or samples after
21/2 additional hours of drying under the same conditions.
Bascd on these valucs, we estimate total volatiles in this
material to be 0.1 percent or less.

2.3 SRM 1484

Six batches of the polyethylene “cuts” describeq ;
preceding section were chosen as starling materialg "
1484. The batches consisted of 1000 300 g each.."]{’,’ Sky
permeation chromatograms showed major peaks at molm
weights in the vicinity of 100,000, with ratios M, /3 ;-
range 1.1~1.2, and minor peaks, amounting 10 a few. 1 the
of the total material, in the molecular-weight | zercm
3600. In order to remove the low molecular-weighy mﬁ‘l)-.
nents, the individual batches were fractionally repreq; i
as described below. ) PPt

Fractional reprecipitations were carried out in | :2,44ric},
robenizene containing 500 ppm 2,6—d‘i~¢ert-buty_[.4.memk"
phenol. The solvent was preheated and the solutiong -
pared as described above for SRM 1482, except thy “lh
higher molecular-weight material required Y2 to l‘ht-‘-'
dissolve. The hot solution was then cooled under niubg o
a rale of 5-6 °C/h to 80 °C with gentle stirring, Durinenu“
cooling, most of the higher molecular-weight cnmpoge'w
precipitated, forming a slurry. The stitring and the njgr, :.h
cover were then discontinued, and the system wag ‘;'.;:
unstirred at 80 °C until the precipitate had all floated 1o the
surface of the liquid. The underlying liquid, containing {e
low molecular-weight contaminant, was pumped out, Frea
1,2,4-trichlorobenzene preheated to 82-85 °C was add
and the precipitate was washed by stirring under nitrogen.fu;
several minutes, then left unstirred for a minimum of 3 § a
80 °C. The liquid underlying the precipitate was again
pumped out and the remaining slurry cooled to room tempe.
ature. Gel permeation chromatograms of the resulting pre.ci‘;-
itates showed no sign of the low molecular-weight contam;.
nant.

The individual slurries were blended by mixing and
vigorous stirring for two hours. The blended slurry wa.
filtered on filter paper and washed three times with ethano!
and once with acetone. It was then air-dried at room
temperature for a week, further dried in a vacuum oven at 5
°C for 8 h, and bottled under dry nitrogen at reduced
pressure. »

Residual 1,2,4-trichlorobcnzence content of SRM 1484 wax
estimated spectrophotometrically by the method described in
section 2.2 for SRM 1482. Measurements on two solutions,
of initial SRM 1484 concentrations about 100 g/L, yielded
estimates of 1,2 d-trichlorobenzene content of 0.057 and
0.063 percent. From these values, we estimate an upper
il:g; of 0.1 percent residual 1,2,4-trichlorobenzene in SRM

Total ‘volatile content was estimated by measuring the
weight lost by four 0.5 g samples and two blanks after
heating to 60 °C for 2 h at a pressure of 10-100 Pa. During
this period, the blanks decreased in weight by 0.03 and 0.07
mg, and the samples decreased by 0.11, 0.11, 0.13, and
0.14 mg. No further weight loss was observed in either blank
or samples after 2§ additional hours of drying under the same
conditions. These values appear to imply a volatile content
of abour 0.02 percent, which is inconsistent with the ob-
served residual 1,2,4-trichlorobenzene content. We conclude
that the drying procedure employed was incapable of remov-
ing all the residual 1,2,4-trichlorobenzene. As a result of the
fractional roprecipitation of SRM 1484, we believe that
1,2,4-trichlorobenzene is the only likely volatile contami-
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